The incidence of monozygotic twins (MZT) after ART appears to be higher than the incidence after spontaneous conceptions contradicting the aim of ART to avoid multiple pregnancies because of the associated risks.
The incidence of monozygotic twins (MZT) after ART appears to be higher than the incidence after spontaneous conceptions contradicting the aim of ART to avoid multiple pregnancies because of the associated risks.
OBJECTIVE AND RATIONALE:
The aim was to study the frequency of MZT after IVF and ICSI and how it is influenced by the day of embryo transfer, maternal age, zona pellucida manipulation, controlled ovarian stimulation, stimulation protocol, culture media and embryo quality.
SEARCH METHODS:
Original studies and reviews were identified by searching the PubMed, Embase and Cochrane databases up to March 2017. The inclusion criterion was publications focusing on the five study questions related to MZT in our study. The exclusion criteria were articles that did not include blastocyst transfer, were on non-humans, were not published in peer-reviewed journals, and were based only on case studies. All of the articles were categorized according to the Oxford Centre for Evidence-based Medicine's 'Levels of Evidence', and quality and risk of bias assessment was performed with 'The Cochrane Collaboration's Risk of Bias Tools'. A meta-analysis was performed to study the impact of the day of embryo transfer on the MZT rate.
Introduction
For decades, it has been possible to help infertile women and men have biological children by using ART (Edwards, 2005) . ART has been associated with multiple gestations as a result of the transference of two or more embryos, which may develop into dizygotic twins (Sobek et al., 2016) . However, monozygotic twins (MZT) arise from one fertilized oocyte that divides into two or even three or four. So although MZT can occur after multiple embryo transfer (ET), only one fertilized oocyte is required (Sobek et al., 2016) . Nevertheless, the frequency of MZT after ART varies from 0 to 13.2% compared with a spontaneous conception rate of 0.4% of live births (Milki et al., 2003; Jain et al., 2004; Papanikolaou et al., 2006; Moayeri et al., 2007; Parisaei et al., 2008; Vitthala et al., 2009; Kawachiya et al., 2011; Franasiak et al., 2015) . However, in most of the included studies, the rate of MZT after spontaneous conception was calculated based on live births and not early ultrasound. Thus, the MZT rate after spontaneous conception is likely to be considerably higher if it is also based on early ultrasound. The chorionicity of MZT is assumed to depend on the day of embryo division ( Fig. 1) . If the oocyte divides shortly after fertilization, the foetuses will be dichorionic diamniotic (DC-DA), which occurs in 20-30% of cases after spontaneous conception. If the division occurs at the blastocyst stage, the gestation will most likely become monochorionic diamniotic (MC-DA), which is observed in 70-75% of cases. After 1-2 weeks, division of the embryo will result in monochorionic monoamniotic (MC-MA) twins only in 1-2% of live MZT births (Aston et al., 2008; Sobek et al., 2016) .
A multiple pregnancy involves numerous risks for the fetuses as well as for the mother, demonstrating some relationship to the chorionicity of the foetuses. Obstetric risks include low birthweight, preterm birth, pre-eclampsia, nausea and vomiting of the mother, vanishing twin syndrome and perinatal mortality Pinborg, 2005; Aston et al., 2008; Fuchs and Senat, 2016) . Furthermore, MZT are at risk for developing twin-to-twin transfusion syndrome (TTTS) (Kontopoulos et al., 2016) . TTTS is most likely to occur in monochorionic twins, but exceptions are observed with dichorionic monozygotic and even with dichorionic-dizygotic twins (Kontopoulos et al., 2016) . TTTS arises when there is an imbalance in blood flow between two MZT because of vascular anastomoses in the placenta of monochorionic twins, or between the two placentas with dichorionic monozygotic (or rarely seen dizygotic) twins. TTTS occurs in 5-20% of monochorionic twins, and left untreated, the risk of pregnancy loss can reach 95% (Kontopoulos et al., 2016) . MC-MA twins also have a risk of umbilical cord entanglement because they share the same amniotic sac.
Given the higher risks, the overall goal is to minimize the number of multiple gestations in ART pregnancies. Numerous studies have found a higher clinical pregnancy rate with the transfer of a blastocyst compared with a cleavage-stage embryo (Sharara and Abdo, 2010; Kawachiya et al., 2011; Sotiroska et al., 2015) . This allows, in most cases, a practice to transfer only one embryo and reduce the risk of multiple gestations. Previous studies have disagreed upon the incidence of MZT in ART, as well as the underlying mechanisms. Investigations of potential risk factors, such as the age of the oocyte, extended culture and assisted hatching (AH), have provided no clear explanation of the aetiology (Fig. 2) (Knopman et al., 2014) . Likewise, the embryo quality may be associated with MZT (Franasiak et al., 2015) . Finally, some studies have not found a correlation of MZT with blastocyst transfer compared with cleavage-stage ET (Moayeri et al., 2007; Papanikolaou et al., 2010; Osianlis et al., 2014; Wu et al., 2014) .
The aim of this systematic review is to examine the risk factors for MZT in ART treatment by addressing the following five questions:
-Does the transfer of cleavage-stage versus blastocyst stage embryos (Day 2/3 versus Day 5) influence the frequency of MZT? A metaanalysis is conducted. -Does controlled ovarian stimulation, the ART protocol or the culture media affect the frequency of MZT? -Does maternal age affect the frequency of MZT? -Does the cause of infertility or the fertilization method (IVF versus ICSI) affect the frequency of MZT? -Does the morphology of the embryo affect the frequency of MZT?
Methods

Sources and literature search
We used the PubMed, Embase and Cochrane databases up until March 2017 to identify the articles included in this review. To cover the subject and study questions, the following search strings were used: 'Monozygotic twins AND blastocyst', 'Monozygotic twins AND ART', 'Monozygotic twins AND media', 'Monozygotic twins AND ovarian stimulation', 'Monozygotic twins AND maternal age', 'Monozygotic twins AND cause of infertility', 'Monozygotic twins AND Day 5' and 'Monozygotic twins AND assisted reproductive technology'. We used the same search strings with the exchange of the word 'Monozygotic twins' with 'Monochorionic twins'.
The MeSH terms used were as follows: monozygotic twins, monochorionic twins, blastocyst, assisted reproductive technology, ART, media, ovarian stimulation, maternal age, cause of infertility and Day 5.
Study selection
The different searches identified 2722 scientific articles. We excluded articles in non-English languages. In a single search, it was necessary to apply the criterion of only articles from the last 10 years ('Monozygotic twins AND maternal age'). After removal of non-English articles and non-accessible fulllength articles, a total of 1841 articles were selected for screening.
The title and/or abstract of the 1841 articles were screened. Articles were included in the review based on the following criteria: Inclusion criteria: articles focusing on one of the five study-questions listed in the Introduction. Exclusion criteria: articles that did not include blastocyst transfer, were on non-humans, were not published in peer-reviewed journals, and were based only on case studies. A few of the included articles did not directly focus on blastocyst transfer, but were selected because they were included in two major meta-analyses (Chang et al., 2009; Vitthala et al., 2009) . Finally, we included 42 articles after screening (Table I ). The search results are shown in Fig. 3 .
Four of the 42 articles were reviews and therefore not included in Table I (Hankins and Saade, 2005; Toledo, 2005; Aston et al., 2008; Sobek et al., 2016) .
Study quality
All articles were categorized according to 'Levels of Evidence' (Oxford Centre for Evidence-based Medicine guidelines; http://www.cebm.net/ oxford-centre-evidence-based-medicine-levels-evidence-march-2009/; 28 March 2018, date last accessed), and quality and bias were assessed with 'The Cochrane Collaboration's Risk of Bias Tools' (http://methods.cochrane. org/sites/methods.cochrane.org.bias/files/public/uploads/Tool%20to% 20Assess%20Risk%20of%20Bias%20in%20Cohort%20Studies.pdf; 28 March 2018, date last accessed). In summary, the risk of bias tools consisted of the following questions: whether exposed and non-exposed cohorts are drawn from the same population; confidence in the assessment of exposure; confidence that the outcome of interest was not present at the start of study; exposed and unexposed were matched for all variables associated with the outcome of interest; confidence in the assessment of the presence or absence of prognostic factors; confidence in the assessment of the outcome; whether the cohort follow-up was adequate; whether the cointerventions were similar between groups.
Although two of the studies (Papanikolaou et al., 2006; Ren et al., 2013) were categorized as 1b (individual RCT (narrow CI)) by the Levels of Evidence, they were assessed by the same questions regarding quality and bias. All studies showed good quality and a low risk of bias, and hence, none of the studies were categorized as low quality (Table I) . Based on a review of the results using The Cochrane Collaboration's Risk of Bias Tools, the results were categorized as either medium or high quality.
Study selection for the meta-analysis
Studies published after the latest two meta-analyses by Chang et al. (2009) and Vitthala et al. (2009) (search ending in 2007) were chosen for this meta-analysis. The 6 of the 17 identified studies had to be excluded from the meta-analysis (Verpoest et al., 2009; Knopman et al., 2010; Ren et al., 2013; Luke et al., 2014; Sotiroska et al., 2015; Otsuki et al., 2016) . Exclusion criteria were as follows: studies not reporting accurate numbers for MZT following either blastocyst transfer or cleavage-stage transfer, no control group (cleavage-stage embryos), if part of the data had been published in another study, and the lack of a defined method for identifying MZT. The study by Osianlis et al. (2014) addressed the question of concurrent natural conception and showed an inconsistency in their original MZT data because of gender discordance between twins born after single ET (SET). We chose to include Osianlis et al. (2014) in the meta-analysis because all the SET studies showed limitations in identifying MZT twins, as noted in the study by Osianlis et al. (2014) . All the included SET studies defined twin pregnancies as monozygotic and thereby overlooked the possibility of dizygotic twins following concurrent natural conception. This is an unavoidable source of error with the definition used in the included SET studies None of the included SET studies descried their patient criteria in more detail with respect to the infertility definition and length of infertility, which might impact the pregnancy outcome and the possibility of concurrent natural conception. Furthermore, public clinics may have more strict criteria for their patient population than private clinics.
Statistical analysis
The meta-analysis was performed using Review Manager (RevMan) [ Mantel-Haenszel method. The heterogeneity of the studies was tested with a I 2 -test, and CI of 95% and a P-value < 0.05 were chosen.
A sensitivity analysis was conducted for all the studies and showed very little change in the overall results of the meta-analysis. To examine any publication bias, a funnel plot was generated, and the result was acceptable.
Results
Blastocyst versus cleavage-stage transfer
The search of the PubMed, Embase and Cochrane database resulted in a total of 42 articles, including 38 original studies (Table II) . The 21 of the 38 original articles examined or discussed the day of transfer as a potential risk factor for MZT. The studies reported a MZT rate after blastocyst transfer in the range from 0 to 22.2% (Sheiner et al., 2001; Jain et al., 2004; Papanikolaou et al., 2006; Kawachiya et al., 2011; Nakasuji et al., 2014; Sotiroska et al., 2015) . The reported rates are based on a large variation in the number of analysed pregnancies.
Overall, 16 articles reported a significantly higher MZT rate after blastocyst transfer (Kawachiya et al., 2011; Knopman et al., 2014; Luke et al., 2014; Mateizel et al., 2016; Nakasuji et al., 2014; Sharara and Abdo, 2010; Sotiroska et al., 2015) , and five studies showed insignificant results (Moayeri et al., 2007; Papanikolaou et al., 2010; Sharara and Abdo, 2010; Osianlis et al., 2014; Wu et al., 2014) .
Two large studies reported a significantly higher rate of MZT after blastocyst transfer compared with cleavage-stage ET, but when adjusted for potential risk factors (patient age, time period, day of embryo biopsy, embryos for cryopreservation, the number of embryos transferred and embryo quality) the statistical significance disappeared (Knopman et al., 2010; Franasiak et al., 2015) . Knopman et al. (2014) published a new cohort study, and apart from a trend toward a lower MZT rate over time, they showed a significantly higher MZT rate after blastocyst transfer in an adjusted model (OR = 1.66; 95% CI: 1.04-2.64; P = 0.04) that included the following co-variates: number of oocytes retrieved at age ≥35 years, donor oocytes, ART treatment cycle after 2004, IVF/ICSI and extended culture. Moayeri et al. (2007) found no difference in the rate of MZT after blastocyst or cleavage-stage transfer (Moayeri et al., 2007) . However, by comparing the MZT rate after blastocyst transfer in two different time periods Moayeri et al. (2007) observed that the MZT rate was 2.3% in the late time period (1 March 2002 to 31 December 2005), compared with 5.6% in the early time period before March 2002, demonstrating a significantly lower value in the second interval (P = 0.03).
In conclusion, based on 19 studies with high quality (Table I) , the majority reported a higher rate of MZT after blastocyst transfer compared with cleavage-stage transfer.
Meta-analysis
Eleven studies published after 2007 were included in the metaanalysis with a total of 161 885 clinical pregnancies. The 10 out of the 11 included studies showed a higher incidence of MZT after blastocyst transfer compared with cleavage-stage transfer, although only seven reported a significant difference.
The fixed effect and random effects models for the meta-analyses revealed comparable results. Both analyses showed a significantly higher rate of MZT following blastocyst transfer compared with cleavage-stage transfer (fixed effect meta-analysis: OR = 2.18, 95% CI: 1.93-2.48; random effects meta-analysis: OR = 2.00, 95% CI: 1.48-2.70) (Fig. 4) .
Controlled ovarian stimulation, ART protocol and culture media
Different aspects of ART have been investigated to identify a mechanism and provide an explanation for the high rate of MZT in ART. A few studies have focused on the controlled ovarian stimulation and ART protocol that might affect MZT. Papanikolaou et al. (2010) studied the influence of several types of controlled ovarian stimulation, as well as the protocol used for ART, on the MZT rate following transfer of either blastocyst or cleavage-stage embryos. However, no significant difference was observed, which was in agreement with the study by Nakasuji et al. (2014) . One large study focused on the effect of controlled ovarian stimulation and the protocol among other variables in a multivariate analysis (Luke et al., 2014) . The findings indicated that the GnRH agonist suppression protocol increased the rate (AOR = 1.10; 95% CI: 1.00-1.22; P = 0.04) and that higher FSH doses (≥3000 IU) decreased the rate (AOR = 0.7; 95% CI: 0.62-0.8; P < 0.0001) of MZT (Luke et al., 2014) .
The culture media may play a role in relation to the higher frequency of MZT in ART. Several studies have discussed different aspects of this topic, but only a few studies have investigated this phenomenon in practice. One study examined the effect of fresh culture media (grouped in Sage, Medicult, Vitrolife and 'other'), but they found no differences related to the examined culture media (Mateizel et al., 2016) . Another study evaluated at two different media (Medicult and Vitrolife) used for both cleavage-stage and blastocyst embryos, but neither found a difference between the two media (Papanikolaou et al., 2010) . In summary only four studies of medium-high quality (Table I ) have investigated the role of the controlled ovarian stimulation, the ART protocol or the culture media on the MZT rate, suggesting an increased frequency of MZT following the GnRH agonist suppression protocol and a decreased rate with high FSH doses.
Maternal age
Fourteen studies have examined maternal age, or oocyte age, as a risk factor for MZT. Eight of the studies found that a younger maternal age increased the rate of MZT although only six were statistically significant. Franasiak et al. (2015) observed a significant reduction in the rate of MZT with increasing age (OR = 0.95; 95% CI: 0.92-0.98; P = 0.001). In a study design from 2015, women undergoing ART were divided into groups based on age (<36 years and >36 years) as well as transfer day (Sotiroska et al., 2015) . The study did not only yield a higher multiple gestation rate for the group aged <36 years (twins and triplets, varied from one to three embryos transferred), but a higher MZT rate of 0.5% for cleavage-stage embryo and 2.9% for blastocyst as compared with 0% in the group aged >36 years. Another study reported a 4% decrease in the MZT rate for each year the oocyte age increased (Knopman et al., 2014) .
A study from 2010 addressed whether the oocyte age or maternal age influences the MZT rate (Knopman et al., 2010 ). First, they described a significant difference in the MZT rate between autologous cycles and donor oocyte cycles (1.7 versus 3.3%, respectively, P = 0.005). Then they examined the same age group (<35 years), but divided the group into autologous cycles and donor oocyte cycles, revealing no significant difference between the two groups. When examining autologous cycles, a significant difference was observed between women age < 35 and >35 years with respect to the rate of MZT (3.1 versus 1.4%, P = 0.001). This finding suggests that oocyte age is the determining factor in investigations of the influence of age on the MZT rate.
In contrast, Mateizel et al. (2016) , as well as five other studies, found no influence of maternal age on the MZT rate (da Costa et al., 2001; Alikani et al., 2003; Frankfurter et al., 2004; Skiadas et al., 2008; Nakasuji et al., 2014) .
Based on 14 studies with a high quality (Table I) , maternal age seems to influence the rate of MZT, as some of the most recent studies have reported a higher risk of MZT with younger maternal age or with the use of younger oocytes.
Cause of infertility and fertilization method
Among several potential risk factors, one study has focused on a possible influence of the indication for ART treatment on the MZT rate, with the following indications: male factor, tubal factor, endometriosis, PCOS and/or anovulation, idiopathic and combined (Papanikolaou et al., 2010) . None of the listed indications were associated with the MZT rate. In studies of the influence of the method of fertility treatment on the MZT rate, several aspects should be considered. First, the effects of using ZP manipulation methods, including ICSI, PGD or AH, must be considered. Furthermore, the importance of fresh or frozen ET can be analysed. Several studies have observed a higher MZT rate after the use of ZP manipulation methods. Skiadas et al. (2008) discovered a 2.42-fold increase in the likelihood of MC-twins with the use of ICSI compared with IVF. A small study by Tarlatzis et al. (2002) based only on blastocyst transfers reported a 5.9% rate of MZT after ICSI and 0% after conventional IVF, demonstrating a significant difference (P = 0.033), while Hershlag et al. (1999) reported a significantly higher MZT rate with the use of AH. In contrast, in several other studies, the fertilization method did not influence the MZT rate: ICSI versus conventional IVF was studied by Papanikolaou et al. (2010) and Franasiak, et al. (2015) ; PGD by Verpoest et al. (2009) ; ICSI, frozen ET and PGD was studied by Knopman et al. (2014) ; and only AH and ICSI were studied by Knopman et al. (2010) , Mateizel et al. (2016), and Milki et al. (2003) . Another study examined the influence of the location of the artificial opening with the use of AH, and found no difference in the numbers of MZT in the two studied locations (Ren et al., 2013) . However, Mateizel et al. (2016) discovered a higher MZT rate with the use of fresh ET in comparison with frozen ET (P = 0.008).
Based on more than 10 studies of high quality (Table I) , there is no clear consensus regarding the influence of the infertility cause and methods of fertility treatment on the frequency of MZT.
Embryo morphology
One group studied embryo quality based on the number of embryos with six-to eight-cells (Franasiak et al., 2015) . Women with four or more embryos in the six-to eight-cell stage and women with more than 75% of all embryos in the six-to eight-cell stage (high quality) had a higher risk of MZT with blastocyst transfer (P = 0.05 and P = 0.04, respectively) than women with one to three embryos in the six-to eight-cell stage embryos or in the category in which <75% of all embryos had six-to eight-cells.
The study by Otsuki et al. (2016) found the opposite association, namely, an association between a high embryo quality score and a decreased frequency of MC-DA twins. They used an EmbryoScope time-lapse system (Vitrolife) to retrospectively analyse the quality of the embryos in their cohort. The focus was loosening of the inner cell mass (ICM), defined as the presence of more than five cells loosely arranged in the ICM (in comparison to an earlier observation of tightly grouped cells). The study showed that a low-grade ICM resulted in a 1.38% risk of MC-DA twins, in contrast to a 0.38% risk related to a high-grade ICM (grade A) (P = 0.033) (Otsuki et al., 2016) .
The true influence of embryo morphology on the MZT rate is still controversial and based only on two high-quality studies (Table I) .
Discussion
A higher rate of MZT is consistently observed after the use of ART; however, the underlying mechanisms are not fully understood. Although our meta-analysis showed a significantly higher rate of MZT after blastocyst transfer, the rate still varied considerably between studies. The causes of this phenomenon may be due to heterogeneity between studies and the varying definition of MZT (Table II) . Almost all of the studies defined MZT as two foetal poles within one single gestational sac, or if the total number of foetal poles exceeded the number of embryos transferred, often with the addition of 'cardiac activity' for both foetuses (Knopman et al., 2010) . This definition clearly excludes DC-DA twins and miscarried MZT, but it also eliminates the possibility of a monozygotic multiple gestation, in which the number of foetal poles did not exceed the number of transferred embryos. The study by Mateizel et al. (2016) (MZT: 103/3672 blastocysts) would not have found a significantly higher MZT rate after blastocyst transfer, if foetal heart beats had been used as a criterion for MZT. This possible definition mis-match was confirmed by a meta-analysis performed in 2009 that reported a difference in the MZT rate based on different definitions (Vitthala et al., 2009) . To fully evaluate MZT, DNA testing could be a possible solution (Toledo, 2005) . Furthermore, the MZT rate in naturally conceived children is reported per delivery, and hence is, per se, lower than and not directly comparable to the MZT rate reported per clinical pregnancy after ART (Alikani et al., 2003) . Some heterogeneity among these studies should be expected as the meta-analysis test of heterogeneity showed (I 2 =77%, Fig. 4 ). It would be very difficult to eliminate any sort of heterogeneity when combining studies, or simply data, from clinics worldwide because the definition of infertility, access to ART, methods, and materials may vary to large extents. However, this variability is important to keep in mind when examining and discussing this topic.
The true incidence of MZT in ART, in general, as well as after the transfer of a blastocyst, can at the moment best be assessed in studies based on SET, taking into consideration the possibility of concurrent natural conceptions (Osianlis et al., 2014) . Ideally, a genetic test should be the gold standard, but the high cost often eliminates this opportunity, in addition to difficulties associated with postpartum follow-up (Knopman et al., 2014) .
Many studies have claimed that the culture medium developed for culturing blastocysts was the cause of the higher MZT rate after blastocyst transfer. Two studies showed a decrease in MZT after blastocyst transfer over time (Knopman et al. (2014) : MZT 107/ 4494 blastocysts, Moayeri et al. (2007) : MZT: 9/385 blastocysts). They both speculated whether the decline was a result of better experiences with both blastocyst culture and transfer. Moayeri et al. (2007) changed both the cleavage-stage culture and blastocyst culture media during their study period and considered it as a possible explanation for the shift in the MZT rate over time. The culture medium used for the control group (data originally published in a study from 2003 (Milki et al., 2003) : MZT 11/197 blastocysts) showed a greater difference in glucose levels between cleavage-stage and blastocyst media compared with the medium used for the study group. Cleavage-stage embryos in the control group were cultured in a glucose-free medium and blastocysts in a medium with high glucose levels. The cleavage-stage embryos in the study group were cultured in a medium with a low level of glucose, and the blastocyst medium had an intermediate glucose level. Several studies have proposed that a high level of glucose in the culture medium is a factor influencing the MZT rate after blastocyst transfer because it produces more free radicals leading to apoptosis and weakening and disruption of the ICM ( Papanikolaou et al., 2010) . Another theory is that the changes in glucose levels in cultures (cleavage-stage versus blastocyst media) rather than the culture medium itself direct the embryo toward a 'stress reaction' that leads to splitting of the ICM (Moayeri et al., 2007) . One proposition is the development of more favourable culture conditions (Chang et al., 2009) . The presence of co-cultures and growth factors may also play a part in the MZT rate. A lower concentration of grow factors might lead to metabolic stress, resulting in apoptosis or weakened of cellular adhesion (Milki et al., 2003; Moayeri et al., 2007) . Another theory concerns the exposure of the blastocyst to a lower level of calcium than that found in the endometrium, and animal models show that blastocyst culture weakens ICM intercellular bonds, which leads to embryo splitting (Milki et al., 2003; Papanikolaou et al., 2010) .
The results of the current meta-analysis may indicate a contradiction to the presumption that better culture conditions and experience with blastocyst transfer would diminish the higher incidence of MZT after blastocyst transfer. Although the incidence might have decreased to some degree over time (from 3.9-5.6% in 2001-2003 to 2.2-2.9% in 2015/2016), the higher rate of MZT following blastocyst transfer has persisted (da Costa et al., 2001; Tarlatzis et al., 2002; Milki et al., 2003; Sotiroska et al., 2015; Mateizel et al., 2016) .
Ideally, multicentre studies should be performed that allow a comparison of different media to elucidate the overall influence of these factors. It would be optimal to study the specific media independently in controlled trials to understand the influence of the medium composition on the MZT rate, including O 2 tension, although such studies may be controversial and raise ethical questions about embryo research.
A majority of recent studies has reported a significant influence of maternal age on the MZT rate (Franasiak et al. (2015) : MZT 234/9969 ET; Kawachiya et al. (2011) : MZT 151/14 956 ET; Knopman et al. (2010) : MZT 98/4976 ET; Knopman et al. (2014) : MZT 131/6223 ET; Sotiroska et al. (2015) : MZT 7/1400 ET). These studies showed an increase in the MZT rate in cases of young maternal age. Although there is no consensus among all the studies included in this review, it can be speculated that the true underlying mechanism might be the oocyte age, or even the quality of the oocyte, rather than maternal age itself as shown in the study by Knopman et al. (2010) .
For several years, ZP manipulation was thought to play a role in the higher incidence of MZT after ART (Alikani et al. (2003) It is plausible that hatching through an artificial hole created in the ZP may cause disruption and splitting of the ICM, resulting in herniation of the blastomeres and embryo (Schieve et al., 2000; Tarlatzis et al., 2002; Milki et al., 2003) . However, recent studies have questioned the role of ZP manipulation because these studies did not find an increased rate of MZT after ICSI and AH (Franasiak et al. (2015) : MZT 234/9969 ET; Knopman et al. (2010) : MZT 98/4976 ET; Knopman et al. (2014) : MZT 131/6223 ET; Mateizel et al. (2016) : MZT 136/6096 ET; Milki et al. (2003) : MZT 18/554 ET; Papanikolaou et al. (2010) : MZT 13/579 ET). However, one study showed that ZP disruption raised the MZT rate, questioning the complete role of ZP (Alikani et al. (2003) : MZT 81/4305 ET). It has been speculated whether ZP disruption per se or the circumstances leading to the technique caused the increased rate of MZT. Nevertheless, this issue requires further research for clarification, potentially also based on the cause of infertility.
Another intriguing aspect is the sex of monozygotic children born after the use of ART. Such a study of the sex requires a follow-up after birth, which unfortunately, was not performed in most of the included studies. However, two different studies, one of which was included in the meta-analysis by Chang et al. (2009) , found a higher rate of male infants born after the transfer of a blastocyst compared with the transfer of a cleavage-stage embryo (Sotiroska et al., 2015) . A possible thought, as shown in animal studies, is that male embryos develop faster than female embryos (Chang et al., 2009) . As the most developed embryos are preferred for extended culture and blastocyst transfer, one may assume that more male blastocysts are transferred and thus a higher number of male MZT. Although highly speculative, the large number reported in the two studies might simply be based on a larger number of developed male embryos-and therefore a higher rate of male blastocysts transferred-rather than on the male sex itself.
In total, 42 articles, including systemic reviews, meta-analyses and original studies, were included in the current review. The purpose of using many different search strings as well as MeSH terms was to include as many suitable studies on the subject as possible. However, there are several limitations to this search. Many more search strings could have been used to answer the study questions, which naturally gives rise to some limitations. To streamline the current review, the search words, strings and MeSH terms used were focused on the main question: the role of blastocyst transfer in the MZT rate, and studies may have been excluded throughout the search. Not all of the included original studies in the two meta-analyses were included in this review, which might be an example of the limitations of the search (Chang et al., 2009; Vitthala et al., 2009) . However, this has mainly involved older studies, whereas the current review has included several new studies.
Conclusion
In this meta-analysis, we observed a significantly higher rate of MZT following blastocyst transfer than cleavage-stage embryos (fixed effect meta-analysis: OR = 2.18, 95% CI: 1.93-2.48 and random effects meta-analysis: OR = 2.00, 95% CI: 1.48-2.70). We consider the results of this meta-analysis to question the trend theory that more experience with blastocyst transfer and better culture media decrease the high rate of MZT after blastocyst transfer, which has been proposed previously. Several studies, although not all, have also reported a reduced rate of MZT with increased maternal age, although how age influences the frequency of MZT remains to be explored. Difficulties related to how to correctly define and identify MZT also predominate as obstacles that must to be solved. The current review clearly indicates that more research is needed to fully understand the mechanism underlying MZT after ART and to provide useful guidelines for fertility treatment to minimize the rate of MZT and, thereby, the risks associated with multiple monozygotic gestation and potential subsequent complications. Large multi-centre studies based on SET alone are needed to explore the potential risk factors, such as those discussed in the current review. Sufficiently powered studies are important to capture the low incidence of MZT. An ideal study would also include DNA testing as well as embryo time-lapse examination by EmbryoScope to discover potential signs of embryo splitting.
